Instituto Nacional de Metrologia, Qualidade e Tecnologia, Rio de Janeiro, Brazil. Proteins are the building blocks of cells and the executioners of nearly all cellular functions. Their activity directly depends on their specific three dimensional structure, determined by the folding of its amino acid chain. The folding process ultimately creates a stable structure balancing internal contacts between amino acids and their occlusion to create the protein surface and the hydrophobic core. In this work we explore a new design for applying Generalized Simulated Annealing (GSA) on protein structure prediction, based on previous software developed by our group. The GSA is a stochastic search algorithm employed in energy minimization and used in global optimization problems, such as gravity models, fitting of numerical data and conformation optimization of small molecules. The software deploys a new way of updating the protein structure at each step of the simulation, a different potential energy calculation function based on NAMD and parallel execution of simulations, granting a new take on ab-initio protein structure prediction. The design of the software also allows for the inclusion of data derived from large scale analysis of protein structures from the PDB, as the Solvation Free Energy, allowing us to use information already gathered by experimental structure determinations. We present results on the 20 residue trp-cage mini protein and mastoparan-X, a 13 amino acid peptide. Both chains fold with RMSD of 0,2 nm and 0,1 nm respectively after 10000 GSA steps and a molecular dinamics optimization of 1 ms for trp-cage and 200 ns for mastoparan-X. Structure prediction softwares allow us to study protein structures that cannot be experimentally determined, by using data on chemical bonds, non-bonded interactions and protein solvation. Once approximately predicted, the three dimensional structure can be refined by molecular dynamics simulations. Halogen bonds (X-bonds) result from electrostatic attractive interaction between the electropositive crown of a polarized halogen, X, and an electronrich Lewis base or accepting atom, A, resulting in an X_A distance closer than the sum of traditional van der Waals radii. X-bonds have been shown to direct protein ligand recognition and binding as well as the conformation of biological molecules. We have demonstrated via x-ray crystallography the ability of X-bonds to direct isomeric conformation of DNA Holliday Junctions. The stacked-X junctions can isomerize between two conformations; an X-isomer stabilized by X-bonding at the junction crossover, or the H-isomer stabilized by hydrogen bonding (H-bonding) at the junction crossover. The structures of DNA Holliday junctions incorporating fluorine (F), chlorine (Cl), bromine (Br), or iodine (I) halogenated uracil were determined by single crystal x-ray diffraction from 1.6 to 2.2 Å resolution. Stabilizing X-bonds between the halogenated uracil and phosphate oxygen demonstrate a near linear angle of approach of the oxygen towards the halogen, consistent with current halogen polarization and sigma hole theory. The ratio of each isomer observed in the crystal structure was determined via occupancy refinement calculations. We have shown that this ratio is correlated with the isomeric concentrations present in solution and therefore an indication of stabilization energy provided by either the X-or H-bonding, a conclusion supported by differential scanning calorimetry. We observe that halogen polarization affects both the X-bond structure and strength. The resulting structure and energy relationships of observed X-bonding interactions will be employed in development and parameterization of an anisotropic force field to accurately model the electrostatic and geometric treatment of halogens in current modeling programs. This will facilitate the applications of X-bonding interactions as a tool for biomolecular design and engineering.
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Absolute Binding Free Energy Calculations to Improve the Accuracy of Near-Native Ligand Pose Predictions Hui Sun Lee, Sunhwan Jo, Wonpil Im. The University of Kansas, Lawrence, KS, USA. When the high-resolution structure of a protein target is available, molecular docking experiments are commonly used for computer-aided drug discovery. Molecular docking experiments are advantageous since they can provide the binding mode of a molecule in a given target protein as well as the binding affinity. However, despite considerable efforts, accurate prediction of ligand poses bound to a target is still challenging due to the protein's structural flexibility. Recent free energy perturbation molecular dynamics simulation (FEP/ MD) calculations have shown that the calculated binding free energies are in good agreement with experimental data for co-crystal benchmark targets. Here, we present an integrated methodology in which initial candidate selection from pose decoys obtained by docking is followed by FEP/MD calculations to improve the accuracy of near-native ligand pose prediction. Our approach is evaluated for the small molecule a-helix mimetics inhibiting protein-protein interactions such as p53-MDMX/MDM2 and BAK-MCL-1. The results demonstrate that using the centroid models of the most populated clusters of docking decoys is an efficient approach to select a small set of ligand conformations in which a near-native pose may be included and applying the FEP/MD method enhances ability in discriminating the near-native ligand conformation from the candidates. Rho GTPases are conformational switches that control a wide variety of signaling pathways critical for eukaryotic cell development and proliferation. They represent attractive targets for drug design as their aberrant function and up-regulation is associated with many human diseases including cancer. Extensive high-resolution structures and mutagenesis studies have laid the foundation for the design of new structure-based chemotherapeutic strategies. We describe the application of molecular dynamics (MD) simulations, principal component analysis, sequence conservation analysis, fragment mapping and ensemble small-molecule docking to provide a complete mapping of potential small-molecule binding pockets. Characterized sites include novel pockets in the vicinity of conformationaly responsive switch regions as well as distal sites that appear to be allosterically linked to the nucleotide and effecter binding regions. Intensive virtual screening and docking calculations applied to these specific novel sites revealed promising compounds candidates for experimental assays. Furthermore, the use of a single accelerated MD simulation, advanced MD method that extends the accessible time-scale of conventional simulations, reveals a distribution of binding sites equivalent to the sum of the accumulated crystal structures including transient binding sites that are practically impossible to observe with conventional MD.
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Investigating the Mechanism of Activation and Inhibition of the Phosphate Dependent Mitochondrial Glutaminase Yunxing Li, Sekar Ramachandran, Richard A. Cerione. Cornell, Ithaca, NY, USA. Glutamine metabolism often plays a crucial role in the metabolism of cancer cells that exhibit high rates of aerobic glycolysis. The enzyme primarily responsible for the conversion of glutamine to glutamate, and ultimately the rate of a-ketoglutarate flux into the citric acid cycle, is the mitochondrial enzyme glutaminase. The fully processed form of the human enzyme can be expressed in bacteria, is fully active, and in this study we use a combination of 620a Wednesday, February 29, 2012 
